Objective: There are limited data on cardiometabolic risk factors and the prevalence of metabolic syndrome (MetS) across the different PCOS phenotypes in Caucasian population. Lipid accumulation product (LAP) is a clinical surrogate marker that could be used for evaluation of MetS in clinical practice. The aim of the study was to analyze metabolic characteristics and the ability of LAP to predict MetS in different PCOS phenotypes. Design: Cross-sectional clinical study analyzing 365 women with PCOS divided into four phenotypes according to the ESHRE/ASRM criteria, and 125 healthy BMI-matched controls. Methods: In all subjects, LAP was determined and MetS was diagnosed according to the National Cholesterol Education Program/Adult Treatment Panel III (NCEP-ATP III), the International Diabetes Federation (IDF) and the Joint Interim Statement (JIS) criteria. Logistic regression and ROC curve analyses were used to determine predictors of MetS in each PCOS phenotype. All analyses were performed with age and BMI adjustment. Results: All PCOS phenotypes in comparison to controls had higher prevalence of MetS assessed by NCEP-ATP III criteria, and only classic phenotypes when IDF and JIS criteria were used. All phenotypes had the same prevalence of MetS irrespective of used definition. LAP and exhibited the highest diagnostic accuracy and was an independent predictor of MetS in all phenotypes. Conclusion: LAP is an independent and accurate clinical determinant of MetS in all PCOS phenotypes in our Caucasian population. All PCOS phenotypes, including non-classic ones, are metabolically challenged and with cardiovascular risk, particularly phenotype B.
Introduction
Polycystic ovary syndrome (PCOS) is a multisystem endocrinopathy that affects 15-25% reproductiveaged women according to ESHRE/ASRM criteria, and is characterized by various reproductive, obstetric and cardiometabolic features. ESHRE/ASRM definition PCOM). Several studies that have so far analyzed PCOS phenotypes have found differences in anthropometric, hormonal and metabolic characteristics between PCOS phenotypes (2) (3) (4) (5) . This implies different cardiometabolic risk factors in different PCOS phenotypes as well. A common conclusion is that phenotypes A and B have a higher metabolic risk than other phenotypes (6) (7) (8) , but the data are inconsistent.
Frequent metabolic complications of PCOS are obesity, insulin resistance, dyslipidemia, dysglycemia, hypertension and the consequent development of low-grade inflammation (9) . These cardiovascular risk factors are considered as independent predictors of cardiovascular morbidity and mortality (9) and usually cluster together into metabolic syndrome (MetS). Because of the high cost of treatment of associated morbidities (10), PCOS not only has significant health implications per se, but it also represents a significant economic burden on the general healthcare. However, patients with PCOS are still rarely evaluated for presence of metabolic and cardiovascular risk factors in routine clinical practice (11) , and a long-term follow-up of cardiovascular outcomes is missing. One possible explanation could be that the procedures for its evaluation are both timeand money-consuming. Specifically, the evaluation of the presence of MetS, regardless of the MetS definition used should include measuring waist circumference (WC), blood pressure, high-density cholesterol (HDL), triglycerides, fasting glucose, as well as a 2-h oral glucose tolerance test (OGTT) (12) . The additional problem is related to the lack of recommendation on which MetS definition should be used with specific populations, like with PCOS. Therefore, there is a need for a simple and accurate method for the assessment of cardiometabolic risk in PCOS women.
Lipid accumulation product (LAP) represents a clinical index based on the assessment of waist circumference (WC) and serum triglycerides (TG), which estimates visceral lipid accumulation. LAP is considered to be an independent predictor of metabolic syndrome (MetS), cardiovascular diseases and type 2 diabetes mellitus (T2DM) in healthy population (13, 14) . In women with PCOS, LAP was shown to be a marker of increased cardiovascular risk (15) , and was associated with impaired glucose tolerance (IGT) (16) , MetS (17) , and non-alcoholic fatty liver disease (NAFLD) (18) . Recently, we have shown a strong association between LAP and MetS in Caucasian PCOS population. Moreover, LAP had the highest diagnostic accuracy in comparison to other MetS determinants regardless of which MetS definition was used (NCEP-ATP III, IDF or JIS) (19) . Since there is emerging evidence of variability of cardiometabolic risks in different PCOS phenotypes (8, 20) , the aim of this study was to evaluate the metabolic characteristics and prevalence of MetS, as well as to analyze the ability of LAP to predict MetS in different phenotypes of women with PCOS. Subjects were referred to the outpatient endocrine clinic for evaluation of irregular menstrual cycles, infertility, obesity, hirsutism or acne. PCOS was defined according to the ESHRE/ASRM definition that requires the presence at least two of the following three criteria: (1) oligo/ amenorrhea or anovulation; (2) clinical and/or biochemical hyperandrogenism; and (3) morphologically polycystic ovaries on ultrasound (21) . Clinical hyperandrogenism (hirsutism) was evaluated by Ferriman-Galway (FG) score system (22) , and was considered to be present when FG score was ≥8, irrespective of the concomitant presence of acne or alopecia (23) . Free androgen index (FAI) was calculated by the formula ((testosterone × 100)/SHBG) with both testosterone and SHBG expressed in nmol/L (24). Biochemical hyperandrogenism (hyperandrogenemia) was defined by presence of FAI >6 and/or serum total testosterone (TT) >2 nmol/L. These cut-off values were based on examination of 56 non-selected, non-hirsute women presenting for routine controls who had regular menstrual cycles, and morphologically normal ovaries (25) . Concomitantly, these cut-offs also corresponded to 95% percentile of FAI and serum TT of analyzed healthy control women in this study. In all subjects, we excluded the presence of non-classical 21-hydroxylase deficiency, hyperprolactinemia, Cushing's disease, hypothyroidism, diabetes mellitus and history of drug or alcohol abuse. No patients had received any hormone treatment for at least 3 months before the study. Control group of healthy women were volunteers referred after regular yearly gynecological examination. They were normoandrogenic, without hirsutism, had regular, ovulating menstrual cycles and morphologically normal ovaries on ultrasound.
Subjects and methods

Subjects
Methods
In all subjects, we measured systolic and diastolic blood pressure (SBP and DBP, respectively), and waist circumference (WC) at the level of umbilicus. 
Statistical analyses
Statistical analysis was performed using the Statistical Package for the Social Sciences software (SPSS, version 17.0; SPSS Inc, Chicago, IL, USA). As there were significant differences in age and BMI between PCOS phenotypes and control group, all statistical analyses were adjusted for age and BMI, except BMI and WC, which were adjusted only for age. Accordingly, results are presented as ANCOVAmean (95% confidence interval (95% CI)). Normality of data distribution of continuous variables was tested by the Kolmogorov-Smirnov test. Data with skewness or kurtosis were logarithmically transformed in order to achieve normal distribution.
Binary logistic regression analyses were performed in order to analyze the determinants of MetS defined by NCEP-ATP III criteria and LAP in each PCOS phenotype. Only significant determinants from univariate analyses entered multivariate analyses, performed by Forward LR method.
Receiver operating characteristic (ROC) curves were generated for each continuous variable to identify the performance of classic determinants of MetS, as well as LAP. The areas under the curves (AUCs) are provided with standard error of mean (s.e.m.) and 95% confidence intervals (95% CI). ROC curves, a plot of the sensitivity (SEN) (true positive) versus 1-specificity (SP) (false positive) for each potential indicator tested, determine the ability of a screening measure to correctly identify individuals based on their classification by a reference test.
Values for each AUC can be between 0 and 1, with a value of 0.5 indicating that the diagnostic test is no better than chance. We considered that the parameters possessed an accurate diagnostic sensitivity when the AUC value was >0.75 (32) . We defined the best cut-off value as the value with the highest proportion of positives and negatives classified correctly by the test. A P value less than 0.05 was considered statistically significant.
Results
In our PCOS group, 207 (57%) had phenotype A, 40 (11%) phenotype B, 80 (22%) phenotype C and 38 (10%) phenotype D. Clinical parameters are presented in Table 1 .
PCOS phenotypes in comparison to controls showed BMI to be significantly higher for phenotype B and significantly lower for phenotype D, while it was similar for phenotypes A and C. At the same time phenotypes A and C, as well as phenotype B, had greater WC. Although women with phenotype D had lower BMI, their WC was similar as in controls. All PCOS phenotypes had higher DBP, TG, fasting insulin, HOMA-IR, FAI and LAP, and lower SHBG in comparison to controls, while there were no differences in fasting glucose, HDL and LDL. Hyperandrogenic phenotypes (A, B, C) in comparison to controls had higher SBP, TC and TT.
Comparison between PCOS phenotypes did not show differences in fasting glucose, lipids, SHBG and LAP. While hyperandrogenic phenotypes had the same BMI and WC, phenotype B showed the highest fasting insulin and HOMA-IR. At the same time, phenotype D had lower BMI, WC, TT and FAI in comparison to hyperandrogenic phenotypes.
Impaired fasting glucose (IFG) was more prevalent in PCOS than controls (1.4% vs 0%, P = 0.045). Of four PCOS women with IFG, two (50%) had phenotype A, one (25%) had phenotype C and one (25%) had phenotype D. Impaired glucose tolerance (IGT) was confirmed in ten (2.7%) women with PCOS. IGT was equally prevalent among hyperandrogenic PCOS phenotypes (seven (1.9%) with phenotype A, two (0.5%) with phenotype B and one (0.3%) with phenotype C, P = 0.440) as well between all PCOS phenotypes and controls (P = 0.523). Healthy controls did not show dysregulation of glucose metabolism, and none of the PCOS women had T2DM.
Age and BMI adjusted prevalence of MetS according to different international definitions are presented in Table 2 . After age adjustment, all hyperandrogenic phenotypes in comparison to controls had higher In comparison to hyperandrogenic phenotypes, phenotype D had the lowest age adjusted prevalence of MetS when IDF and JIS criteria were used, but it differed only from phenotypes A and B when NCEP-ATP III criteria were used. After combined age and BMI adjustment was applied, all phenotypes had the same prevalence of MetS, irrespective of criteria used.
When the prevalence of the standard individual components for the definition of MetS (WC ≥80 cm, HDL <1.29 mmol/L, FG ≥5.6 mmol/L and FG ≥6.1 mmol/L) was analyzed with combined age and BMI adjustment, there were no differences between PCOS phenotypes and controls, as well among PCOS phenotypes (data not shown). As PCOS women and controls had similar body weight and BMI, and no different prevalence of WC ≥80 cm as a criterion for IDF and JIS definitions, we decided to use only NCEP-ATP III criteria for further analyses.
Univariate logistic regression analyses showed that LAP was a significant determinant of MetS in all PCOS phenotypes (Table 3) . Additionally, standard MetS criteria were significant determinants only in phenotype A (Table 3) . In order to avoid problem with collinearity, we omitted WC and TG from multivariate logistic regression analyses, and showed that LAP was an independent determinant of MetS defined by NCEP-ATP III criteria in all phenotypes. Additional independent determinants of MetS were DBP in phenotype A, and SBP in phenotype C (Table 3) .
ROC curve analysis showed that LAP had the highest diagnostic accuracy for determination of MetS by NCEP-ATP III criteria in all PCOS phenotypes (Table 4) 
Discussion
The results of our study have confirmed that compared with standard determinants of MetS, lipid accumulation Table 2 Age and age plus BMI adjusted prevalence of metabolic syndrome in PCOS phenotypes by using three definitions: NCEP-ATP III, IDF and JIS. product has the highest diagnostic accuracy in predicting MetS in Caucasian PCOS population and in each phenotype. Moreover, we have confirmed that both hyperandrogenic and non-hyperandrogenic PCOS phenotypes carry a similar metabolic risk.
MetS represents a collection of cardiometabolic risk factors that expose the subject to a five times higher risk of developing type 2 diabetes mellitus (T2DM) (33) , and a two times higher risk of cardiovascular morbidity and mortality (34) . Moreover, the risk of atherosclerosis and cardiovascular diseases grows with an increasing number of MetS determinants (35) . The prevalence of MetS in PCOS women does show ethnic variation, but it is 2-4 times higher than that in healthy women (36) . As the prevalence of MetS rises with BMI and age (37) , it could be presumed that women with PCOS have increased cardiometabolic risks during their reproductive period and menopause, although longitudinal studies are lacking.
There is emerging evidence that PCOS phenotypes differ in anthropometric, hormonal and metabolic characteristics (2-5), which points to diverse cardiometabolic risks and consequences the phenotypes may experience. A few studies that evaluated metabolic characteristics of PCOS phenotypes suggested that classic phenotypes A and B have a worse metabolic profile than phenotypes C and D (6) (7) (8) 20) , while some studies showed either no differences between phenotypes (38) or a higher MetS prevalence in phenotype D in comparison to the hyperandrogenic phenotypes (39) . Obesity is among the most important modifiers of phenotypic expression of PCOS. However, even normal-weighted women with PCOS have increased abdominal/visceral adipose tissue, which correlates with insulin resistance, dyslipidemia, hypertension and MetS (40) . In accordance with the fact that WC is a marker of abdominal/visceral adiposity (41), we have shown that all PCOS phenotypes have increased abdominal adiposity in comparison to healthy women, regardless of age.
Dyslipidemia is a common metabolic consequence of both obesity and PCOS (18, 42) . In our population, only hyperandrogenic phenotypes had increased TC, while all phenotypes had increased TG in comparison to controls, regardless of age and BMI. As insulin is the main regulator of SHBG and TG production (43), their respective low and high levels in all analyzed PCOS phenotypes are in accordance with the increased IR in all phenotypes, regardless of age and BMI. Our results are in line with other studies showing the same lipid levels in all phenotypes after age and BMI adjustment (4, 6, 38, 44, 45) . Interestingly, all our PCOS phenotypes and controls Table 3 Logistic regression analysis of standard and new predictors of metabolic syndrome in PCOS phenotypes according to NCEP-ATP III criteria. had high prevalence of low HDL after age adjustment (range 33-58%), as well as after combined age and BMI adjustment (range 36-51%), exposing our population of PCOS women to a more pronounced cardiovascular risk. Our PCOS women with phenotype B were significantly more insulin-resistant and hyperinsulinemic in comparison to other phenotypes, regardless of age and BMI. Some studies showed higher IR in hyperandrogenic PCOS phenotypes (8, 20) .
The results regarding the prevalence of dysglycemia (impaired fasting glucose, impaired glucose tolerance and T2DM) in analyzed PCOS women are comparable to the results of other authors (6, 46) . Our study was designed as a cross-sectional on four clinical PCOS phenotypes that combine hyperandrogenic and non-hyperandrogenic women. Hence, we do not exclude the possibility that our cohort of PCOS women are at risk of developing T2DM in their future life. Moreover, the deterioration of glucose tolerance toward T2DM could be expected among our cohort of subjects with substantial proportion of MetS, which is considered as an independent predictor of T2DM (47) . In effect, it has been shown that 30% to 40% of subjects with normal fasting glucose and normal glucose tolerance could have beta-cell dysfunction and insulin resistance for a long period of time before dysglycemia would manifest (48, 49) .
As far as we know, this is the first study that has analyzed age and combined age and BMI adjusted prevalence of MetS in four classical PCOS phenotypes using three different international criteria. In hyperandrogenic phenotypes, lower MetS prevalence defined by NCEP-ATP III criteria compared with other two definitions is the result of a different cut-off level used for WC criterion.
The results regarding metabolic outcomes in PCOS phenotypes A and B are similar among studies (44, 50) . However, our women with phenotype C demonstrate the same metabolic risks prevalence (hyperlipidemia, hypertension, insulin resistance) after age and BMI adjustment as women with phenotypes A and B. Moreover, PCOS women with phenotype D had the same age adjusted MetS prevalence irrespective of international criteria used, as well as a higher age and BMI adjusted MetS prevalence when NCEP-ATP III criteria were applied. Our results suggest that BMI adjustment abolishes the difference between hyperandrogenic and non-hyperandrogenic phenotypes, and that even the non-hyperandrogenic phenotype D is characterized by an unfavorable metabolic profile.
It is proposed that LAP, a simple clinical marker of lipid over-accumulation in adults, could be used as a Table 4 Area under ROC curve for identification of determinants for metabolic syndrome using NCEP-ATP III criteria in PCOS phenotypes and controls. marker of IR, MetS, cardiovascular risk and mortality in non-PCOS populations (13, 28, 51) as well as in PCOS population (15, 16, 52) . Previously we showed that LAP was the strongest predictor of MetS defined by three different international criteria in Caucasian women with PCOS (19) . In the present study, we have confirmed that LAP is an independent predictor of MetS in each PCOS phenotype. ROC curve analysis showed that of all standard determinants of MetS, LAP had the best discriminative ability for MetS in all PCOS phenotypes as well in controls. Although LAP includes TG and WC, those MetS determinants had lower discriminative power than LAP. All PCOS phenotypes showed higher LAP in comparison to healthy controls after age and BMI adjustment, but without any difference among the phenotypes. These findings are in accordance with MetS prevalence in our PCOS cohort defined by NCEP-ATP III criteria. Different LAP cut-off values obtained for each PCOS phenotype with similar SN and SP are in accordance with different metabolic characteristics of the phenotypes. The main value of LAP as a predictor of MetS yields the NPV of 100% for all proposed cut-offs. Accordingly, our results imply that LAP is a simple time-saving clinical marker for the accurate evaluation of MetS defined by NCEP-ATP III criteria. Therefore, LAP could be used in the routine clinical practice in metabolically vulnerable patients such as women with PCOS, as well as for the evaluation of MetS in PCOS phenotypes.
We are aware of the fact that the use of radioimmunoassay for the analysis of total testosterone concentration is a limitation of our study. While the characteristics of liquid chromatography-tandem mass spectrometry (LC-MS/MS) make steroid hormone analysis a more favorable method for the differentiation of women with PCOS (53, 54) , it is expensive for extensive clinical application and is not readily available in the clinical setting in our country. Moreover, a recent study has concluded that the total testosterone measurement using radioimmunoassay and LC-MS/MS differentiated PCOS women from controls in a similar fashion (55) .
In conclusion, we have found that LAP is an independent, simple and accurate clinical determinant of the existence of MetS in all phenotypes of our analyzed PCOS population. Moreover, we have confirmed that all PCOS phenotypes, including the non-hyperandrogenic ones, are metabolically susceptible, and carry the potential for the development of abdominal obesity, insulin resistance and cardiovascular morbidity.
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